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57 ABSTRACT 

The method of forming a light-weight, fiber-reinforced, 
particularly glass fiber-reinforced-thermoplastic resin prod 
uct includes the Steps of melting and mixing thermoplastic 
resin pellets containing parallely oriented fibers 2-100 mm 
long, injecting the melted resin into a cavity which is closed 
So that its volume is Smaller than that of the final molded 
product, and, before or after the resin injection is completed, 
opening the cavity until its Volume is equal to that of the final 
molded product. Unlike the conventional injection-molded 
products, this product does not require a foaming agent and, 
if it uses any, requires only a Small amount of foaming agent. 
The product thus formed is light in weight and has fibers 
uniformly entangled inside, providing an excellent appear 
ance of the surface. Further a skin layer is formed over the 
surface. These features combined with the reinforcement by 
the glass fibers offer high Strength and high Stiffness. 

8 Claims, 1 Drawing Sheet 
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METHOD OF FORMING ALIGHT-WEIGHT, 
FIBER-REINFORCED THERMOPLASTIC 
RESIN PRODUCT AND A LIGHT-WEIGHT 

MOLDED PRODUCT 

TECHNICAL FIELD 

The present invention relates to a method of forming a 
light-weight, fiber-reinforced thermoplastic resin product, 
and a light-weight molded product. In particular, the inven 
tion relates to a method comprising injection molding of 
Specific fiber-reinforced thermoplastic resin pellets or of 
Specific fiber-reinforced thermoplastic resin pellets and a 
Small amount of a foaming agent for forming a light-weight, 
fiber-reinforced, particularly glass fiber-reinforced, thermo 
plastic resin product with good Surface condition, high 
Strength and high Stiffness, and also to a light-weight molded 
product. 

BACKGROUND ART 

AS having high tensile Strength, high StiffneSS and high 
heat resistance, glass fiber-reinforced resins are of great use 
as various materials. In particular, injection-molded prod 
ucts of resins of the type are the most popular because of 
their good moldability. However, they are defective in that 
their specific gravity increases with the increase in the glass 
fiber content and that their Strength is lowered Since glass 
fibers are often cut during molding. In addition, as being 
anisotropic, they are further defective in that their warping 
deformation is great. In order to overcome these defects, 
proposed was a method of using glass fiber-reinforced resin 
pellets in which the reinforcing glass fibers have the same 
length as each pellet to be from 2 to 100 mm and are oriented 
in parallel with each other (see, for example, JP-B Sho-63 
37694, JP-A Hei-3-188131). Also proposed was a method of 
molding fiber-reinforced thermoplastic resin pellets with 
fibers having a length of from 10 to 100 mm and oriented in 
parallel with each other, to produce fiber-reinforced thermo 
plastic resin moldings with fibers entangled and having a 
length of from 5 to 100 mm (see JP-A Hei-6-198753). 
However, these methods are still problematic in that the 
molded products are heavy-weight, depending on the glass 
fiber content. 

On the other hand, to reduce the weight of glass fiber 
reinforced resin moldings, known is a foaming injection 
molding method in which is used a foaming agent (see JP-A 
Hei-7-247679). However, this method is problematic in that 
it requires a large amount of a foaming agent, that it is not 
easy to attain a foaming magnification of from 2 to 5 times, 
and that the glass fiber content is naturally limited. Also 
known is an injection-press molding method comprising 
injecting a foaming agent-containing resin into the cavity of 
an opened split mold followed by closing the mold. 
However, this method is still problematic in that, if a large 
amount of a foaming agent is used in order to obtain foamed 
moldings having a high foaming magnification, failed mold 
ings having Silver marks of vapor paths in their Surface are 
formed, and that most of the moldings produced have poor 
Strength and Stiffness. For these reasons, at present, the 
known methods could not be put into practical use. 

Another method of forming fiber-reinforced resin mold 
ings is known, which comprises plasticizing a mixture of 
reinforcing fibers and a thermoplastic resin followed by 
molding it under compression, and which is characterized in 
that the compression for the Surface of the molding in which 
the reinforcing fibers are intended to be restored expanded is 
partly released thereby raising the fibers existing in the 
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Surface layer of the molding, and/or forming voids partly 
inside the molding to make the molding have a Sound 
absorbing region (see WO96/25280) However, this molding 
method is to produce moldings having a specific, raised 
Surface condition, and could not produce moldings with 
Smooth Surface. In addition, as comprising the compression 
molding Step, this method is problematic in that its produc 
ibility is low, that the raw material mixture could not be 
highly homogenized, and that, if the mixture is highly 
homogenized, the reinforcing glass fibers are much broken. 
For those reasons, the use of the moldings produced by this 
method is limited. 

DISCLOSURE OF THE INVENTION 

We, the present inventors have assiduously Studied in 
order to obtain light-weight, high-strength, fiber-reinforced 
thermoplastic resin products through injection molding, and, 
as a result, have found that the intended light-weight prod 
ucts are obtained by a combination of a Specific molding 
material and a specific molding mode, and that the products 
obtained have good appearance with good Surface charac 
teristics of Smooth skin. On the basis of these findings, we 
have completed the present invention. 
The invention is to provide a light-weight, fiber 

reinforced resin product, which has a skin layer with no void 
in its Surface and of which the inside is highly uniform and 
has fiber-entangled, continuous open Voids with no large 
hollow, and the product has a high relative bending Strength. 
Specifically, the invention provides the following: 

(1) A method of forming a light-weight, fiber-reinforced 
thermoplastic resin product, comprising; 

melting and kneading a molding material, which com 
prises fiber-containing thermoplastic resin pellets (A) 
having a fiber content of from 20 to 80% by weight, the 
fibers being oriented in parallel with each other and 
having a length of from 2 to 100 mm, or comprises a 
mixture of the fiber-containing thermoplastic resin pel 
lets (A) and a thermoplastic resin except (A), the fiber 
content of the mixture being from 5 to 80% by weight; 

then injecting the melted resin into the cavity of a mold as 
So closed that the Volume of its cavity is Smaller than 
that of the final molded product; and 

before or after the resin injection is completed, opening 
the mold until the volume of its cavity is equal to that 
of the final molded product. 

(2) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein the fibers 
are glass fibers and the fiber content is from 20 to 80% 
by weight. 

(3) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein the fibers 
are organic fibers and the fiber content is from 5 to 80% 
by weight. 

(4) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein the fibers 
are carbon fibers and the fiber content is from 5 to 80% 
by weight. 

(5) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein a foaming 
agent in an amount of from 0.01 to 5 parts by weight, 
relative to 100 parts by weight of the molding material, 
is added to the molding material. 

(6) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of any one of (1) to (5), 
wherein the thermoplastic resin is a polyolefin-based 
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resin optionally containing a polyolefin as modified 
with an unsaturated carboxylic acid or its derivative. 

(7) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein, in the Step 
of opening the mold until the Volume of its cavity is 
equal to that of the final molded product before or after 
the resin injection is completed, the part of the mold 
cavity except its part for forming the edges of the 
product is opened. 

(8) The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product of (1), wherein, in the Step 
of injecting the melted resin into the cavity of a mold 
as So closed that the Volume of its cavity is Smaller than 
that of the final molded product followed by the step of 
opening the mold until the Volume of its cavity is equal 
to that of the final molded product before or after the 
resin injection is completed, the resin injection is So 
attained that the Volume of the resin injected is Smaller 
than that of the initial mold cavity, then the mobile part 
of the mold is once pushed toward the injected resin 
before and after the resin injection is completed to 
thereby make the cavity completely filled with the 
injected resin, and thereafter the mold is opened until 
the volume of the mold cavity is equal to that of the 
final molded product. 

(9) A molded, light-weight, fiber-reinforced thermoplastic 
resin product having a fiber content of from 20 to 80% 
by weight and a porosity of from 10 to 80%, and having 
a skin layer with no void on its Surface, the fibers 
existing in the product having a weight-average fiber 
length of from 1 to 20 mm. 

(10) The molded, light-weight, fiber-reinforced thermo 
plastic resin product of (9), which has a relative bend 
ing strength of not smaller than 80 MPa. 

(11) The molded, light-weight, fiber-reinforced thermo 
plastic resin product of (9) or (10), which is for any of 
car parts, electric appliances for household use, 
furniture, and building materials. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional view Schematically illustrating 
one embodiment of an injection mold being used in forming 
the light-weight, fiber-reinforced thermoplastic resin prod 
uct of the invention. 

FIG. 2 is a cross-sectional view Schematically illustrating 
another embodiment of an injection mold being used in 
forming the light-weight, fiber-reinforced thermoplastic 
resin product of the invention. 

In these, (A) indicates the step of injecting a resin into the 
cavity of the mold, and (B) indicates the condition of a final 
molded product as formed after opening the mold. 

Best Modes of Carrying out the Invention 
Now, embodiments of the invention are described below. 
The method of forming a light-weight, fiber-reinforced 

thermoplastic resin product of the invention uses the 
Specific, fiber-containing thermoplastic resin pellets (A) 
noted above, as one component of the molding material. The 
thermoplastic resin to be used herein is not specifically 
defined and may include, for example, polyolefin-based 
resins, polystyrene-based resins, polyvinyl chloride-based 
resins, polyamide-based resins, polyester-based resins, 
polyacetal-based resins, polycarbonate-based resins, pol 
yaromatic ether or thioether-based resins, polyaromatic 
ester-based resins, polysulfone-based resins, acrylate-based 
resins, etc. 
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4 
The polyolefin-based resins include, for example, 

homopolymers and copolymers of C-olefins, Such as 
ethylene, propylene, bute ne-1,3-methylbute ne-1,3- 
methylpentene-1, 4-methylpentene-1, and copolymers of 
Such C-olefins with other copolymerizable, unsaturated 
monomers. AS Specific examples of the resins, mentioned 
are polyethylene-based resins Such as high-density, middle 
density or low-density polyethylene, linear polyethylene, 
ultra-high molecular polyethylene, ethylene-Vinyl acetate 
copolymer, ethylene-ethyl acrylate copolymer; 
polypropylene-based resins Such as Syndiotactic 
polypropylene, isotactic polypropylene, propylene-ethylene 
block or random copolymer; poly-4-methylpentene-1, etc. 

The Styrene-based resins include, for example, homopoly 
merS and copolymers of Styrene and C.-methylstyrene; and 
copolymers thereof with other copolymerizable, unsaturated 
monomers. AS Specific examples of the resins, mentioned 
are general polystyrene, impact-resistant polystyrene, heat 
resistant polystyrene (C.-methylstyrene polymer), Syndiotac 
tic polystyrene, acrylonitrile-butadiene-styrene copolymer 
(ABS), acrylonitrile-styrene copolymer (AS), acrylonitrile 
polyethylene chloride-sty rene copolymer (ACS), 
acrylonitrile-ethylene-propylene rubber-Styrene copolymer 
(AES), acrylic rubber-acrylonitrile-styrene copolymer 
(AAS), etc. 
The polyvinyl chloride-based resins include, for example, 

Vinyl chloride homopolymers and copolymers of vinyl chlo 
ride with other copolymerizable, unsaturated monomers. AS 
Specific examples of the resins, mentioned are vinyl 
chloride-acrylate copolymer, Vinyl chloride-methacrylate 
copolymer, Vinyl chloride-ethylene copolymer, Vinyl 
chloride-propylene copolymer, Vinyl chloride-vinyl acetate 
copolymer, Vinyl chloride-vinylidene chloride copolymer, 
etc. These polyvinyl chloride-based resins may be post 
chlorinated to increase their chlorine content, and the thus 
post-chlorinated resins are also be usable in the invention. 
The polyamide-based resins include, for example, poly 

merS as prepared by ring-cleaving polymerization of cyclic 
aliphatic lactams, Such as 6-nylon, 12-nylon; polyconden 
Sates of aliphatic diamines and aliphatic dicarboxylic acids, 
Such as 6,6-nylon, 6,10-nylon, 6,12-nylon; polycondensates 
of m-Xylenediamine and adipic acid; polycondensates of 
aromatic diamines and aliphatic dicarboxylic acids, poly 
condensates of p-phenylenediamine and terephthalic acid; 
polycondensates of m-phenylenediamine and isophthalic 
acid; polycondensates of aromatic diamines and aromatic 
dicarboxylic acids, polycondensates of amino acids, Such as 
11-nylon, etc. 
The polyester-based resins include, for example, polycon 

densates of aromatic dicarboxylic acids and alkylene gly 
cols. AS Specific examples of the resins, mentioned are 
polyethylene terephthalate, polybutylene terephthalate, etc. 
The polyacetal-based resins include, for example, 

homopolymers, Such as polyoxymethylene, and 
formaldehyde-ethylene oxide copolymers to be obtained 
from trioxan and ethylene oxide. 
The polycarbonate-based resins include, for example, 

4,4'-dihydroxy-diarylalkane-based polycarbonates. Pre 
ferred are bisphenol A-based polycarbonates to be prepared 
by phosgenation of reacting bisphenol A with phosgene, or 
by interesterification of reacting bisphenol A with dicarbon 
ates Such as diphenyl carbonate. Also usable are modified 
bisphenol A-based polycarbonates, of which the bisphenol A 
moiety is partly substituted with 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane or 2,2-bis(4-hydroxy-3,5- 
dibromophenyl)propane; and flame-retardant, bisphenol 
A-based polycarbonates. 
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The polyaromatic ether or thioether-based resins have 
ether or thioether bonds in the molecular chain, and their 
examples include polyphenylene ether, Styrene-grafted 
polyphenylene ether, polyether-ether-ketone, polyphenylene 
Sulfide, etc. 

The polyaromatic ester-based resins include, for example, 
polyoxybenzoyl to be obtained by polycondensation of 
p-hydroxybenzoic acid; polyarylates to be obtained by poly 
condensation of bisphenol A with aromatic dicarboxylic 
acids Such as terephthalic acid and isophthalic acid, etc. 
The polysulfone-based resins have Sulfone groups in the 

molecular chain, and their examples include poly Sulfone to 
be obtained by polycondensation of bisphenol A with 4,4'- 
dichlorodiphenylsulfone, polyether-Sulfones having phe 
nylene groups as bonded at their p-positions via ether group 
and Sulfone group; polyarylene-Sulfones having diphenylene 
groupS and diphenylene-ether groups as alternately bonded 
Via Sulfone group, etc. 

The acrylate-based resins include, for example, methacry 
late polymers and acrylate polymers. AS the monomers for 
those polymers, for example, used are methyl, ethyl, 
n-propyl, isopropyl and butyl methacrylates and acrylates. In 
industrial use, typically used are methyl methacrylate resins. 

In the invention, the thermoplastic resins mentioned 
above may be used either singly or as combined. Of the 
thermoplastic resins mentioned above, preferred are 
polypropylene-based resins Such as polypropylene, random 
or block copolymers of propylene with other olefins, and 
their mixtures. Especially preferred are polypropylene 
based resins containing acid-modified polyolefin-based res 
ins as modified with unsaturated carboxylic acid or their 
derivatives. 

The polyolefin-based resins for the acid-modified 
polyolefin-based resins include, for example, 
polypropylene, polyethylene, ethylene-C-olefin copolymers, 
propylene-ethylene random-copolymers, propylene 
ethylene block-copolymers, ethylene-C-olefin copolymer 
rubbers, ethylene-C-olefin-non-conjugated diene copoly 
mers (e.g., EPDM), and ethylene-aromatic monovinyl 
compound-conjugated diene copolymer rubbers. The 
C-olefins include, for example, propylene, butene-1, 
pentene-1, hexene-1, and 4-methylpentene-1, and one or 
more of these are usable either Singly or as combined. Of 
those polyolefin-based resins, preferred are polypropylene 
based or polyethylene-based resins containing copolymers, 
and more preferred are polypropylene-based resins. 
AS Specific examples of the unsaturated carboxylic acids 

and their derivatives to be used for modifying the resins, 
mentioned are unsaturated carboxylic acids Such as acrylic 
acid, methacrylic acid, maleic acid, fumaric acid, itaconic 
acid, crotonic acid, citraconic acid, Sorbic acid, mesaconic 
acid, angelic acid; as well as acid anhydrides, esters, amides, 
imides and metal Salts, Such as maleic anhydride, itaconic 
anhydride, citraconic anhydride, methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate, monoethyl 
acrylate, acrylamide, maleic acid monoamide, maleimide, 
N-butylmaleimide, Sodium acrylate, Sodium methacrylate. 
Of those, preferred are unsaturated dicarboxylic acids and 
their derivatives, and more preferred is maleic anhydride. 

In modifying the polyolefin-based resins with any of those 
unsaturated carboxylic acids and their derivatives, one or 
more of the acids and their derivatives may be used either 
Singly or as combined. The modification method is not 
Specifically defined, but maybe of any known conventional 
ones. For example, a polyolefin-based resin to be modified 
is dissolved in a Suitable organic Solvent, to which is added 
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6 
an unsaturated carboxylic acid or its derivative along with a 
radical-generating agent, and Stirred under heat, or those 
components are put into an extruder and melted and kneaded 
therein. In the modified polyolefin-based resins, the amount 
of the unsaturated carboxylic acid or its derivative added is 
preferably from 0.01 to 20% by weight, more preferably 
from 0.1 to 10% by weight. Especially preferred are maleic 
anhydride-modified, polypropylene-based resins, in which 
the amount of maleic anhydride added is from 0.1 to 10% by 
weight. 

The fibers to be used in the invention are not specifically 
defined, but preferred are glass fibers. Apart from glass 
fibers, also usable are ceramic fiberS Such as boron fibers, 
Silicon carbide fibers, alumina fibers, Silicon nitride fibers, 
Zirconia fibers, calcium Silicate fibers, rock wool; inorganic 
fiberS Such as magnesium oxide fibers, magnesium oxySul 
fate fibers, magnesium hydroxide fibers, gypsum fibers, 
metal fiberS Such as copper fibers, brass fibers, Steel fibers, 
Stainless Steel fibers, aluminium fibers, aluminium alloy 
fibers, organic fiberS Such as polyethylene fibers, polypro 
pylene fibers, aramide fibers, polyarylate fibers, and carbon 
fibers. Preferred are glass fibers, organic fibers, carbon 
fibers, and metal fibers, and more preferred are glass fibers, 
and composite fibers consisting essentially of glass fibers. 
One or more, same or different types of those fibers are 
employable herein either Singly or as combined. 
The glass fibers for use in the invention are preferably 

Surface-treated with coupling agents. The coupling agents 
may be of any known, conventional, So-called Silane or 
titanium coupling agents. AS Specific examples of the Silane 
coupling agents, mentioned are 
triethoxysilane, vinyltris(B-methoxyethoxy)Silane, 
Y-methacryloxypropyltrimethoxysilane, 
Yglycidoxypropyltrimethoxysilane, 
f-(1,1-epoxycyclohexyl)ethyltrimethoxysilane, 
N-B-(aminoethyl)-Y-aminopropyltrimethoxysilane, 
N-B-(aminoethyl)-Y-aminopropylmethyldimethoxysilane, 
y-aminopropyltriethoxysilane, 
N-phenyl-y-aminopropyltrimethoxysilane, 
Y-mercaptopropyltrimethoxysilane, 
Y-chloropropyltrimethoxysilane, 
y-aminopropyltrimethoxysilane, 
Y-aminopropyl-tris(2-methoxy-ethoxy)Silane, 
N-methyl-y-aminopropyltrimethoxysilane, 
N-Vinylbenzyl-y-aminopropyltriethoxysilane, 
triaminopropyltrimethoxysilane, 
3-ureidopropyltrimethoxysilane, 
3-4,5-dihydroimidazole-propyltriethoxysilane, 
hexamethyldisilazane, N.O-(bistrimethylsilyl)amide, 
N,N-bis(trimethylsilyl)urea, etc. 
Of those, preferred are aminosilanes and epoxysilanes, Such 
S 

y-aminopropyltriethoxysilane, 
N-B-(aminoethyl)-Y-aminopropyltrimethoxysilane, 
Y-glycidoxypropyltrimethoxysilane, 
f-(3,4-epoxycyclohexyl)ethyltrimethoxysilane. 
Especially preferred are aminosilanes Such as those men 
tioned above. 
AS Specific examples of the titanium coupling agents, 

mentioned are 
isopropyltriisoStearoyl titanate, 
isopropyltridodecylbenzeneSulfonyl titanate, 
isopropyltris(dioctylpyrophosphate) titanate, 
tetraiSopropylbis(dioctylphosphite) titanate, 
tetraoctylbis(ditridecylphosphite) titanate, 
tetra(1,1-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite 

titanate, 
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bis(dioctylpyrophosphate)oxyacetate titanate, 
bis(dioctylpyrophosphate)ethylene titanate, 
isopropyltrioctanoyl titanate, 
isopropyldimethacrylisoStearoyl titanate, 
isopropylisoStearoyldiacryl titanate, 
isopropyltri(dioctylphosphate) titanate, 
isopropyltricumyl phenyl titanate, iSopropyltri 

(N-amidoethyl, 
aminoethyl) titanate, dicumylphenyloxyacetate titanate, 
disoStearoylethylene titanate, etc. 

The Surface treatment of glass fibers with those coupling 
agents may be effected in any ordinary manner, and is not 
Specifically defined. For example, preferred is sizing treat 
ment of applying a sizing agent, which is a Solution or 
Suspension of the coupling agent in an organic Solvent, to 
glass fibers, dry mixing or Spraying. 

The coupling agent may be combined with a film-forming 
Substance for glass. The film-forming Substance is not 
Specifically defined, and includes, for example, polyester 
based, urethane-based, epoxy-based, acrylic, vinyl acetate 
based and isocyanate-based polymers. 

In the invention, glass fibers are preferably used as the 
reinforcing fibers in View of the Strength and the modulus 
(stiffness) of the light-weight molded products, and pre 
ferred embodiments of the invention using glass fibers are 
mentioned hereinunder. Glass fibers of E-glass, S-glass or 
the like are employable herein, which have a mean fiber 
diameter of not larger than 20 um, preferably from 1 to 17 
tim, more preferably from 3 to 14 um. Using too thin glass 
fibers having a mean fiber diameter of smaller than 1 um will 
make it difficult to wet them with resin or to infiltrate resin 
into them while producing resin pellets containing them. Too 
thick glass fibers having a mean fiber diameter of larger than 
20 um, if used, will be often broken during melting and 
kneading resin containing them. Along with glass fibers, the 
thermoplastic resin, especially the polypropylene-based 
polyolefin resin noted above is drawn and pelletized into 
pellets having a length of from 2 to 100 mm. In those pellets, 
the glass fibers may have the same length as each pellet, 
from 2 to 100 mm. In the invention, used are those glass 
fiber-reinforced, thermoplastic resin pellets. Preferably, the 
glass fibers in the resin to be pelletized are bound with a 
suitable binder into fiber strands each composed of from 100 
to 10000 fibers, more preferably from 150 to 5000 fibers. 

The binder may be any of urethane-based, olefin-based, 
acrylic, butadiene-based and epoxy-based ones. Of those, 
preferred are urethane-based and olefin-based binders. The 
urethane-based binder generally contains a polyisocyanate, 
which is obtained through addition polymerization of a 
diisocyanate compound and a polyalcohol, in an amount of 
not Smaller than 50% by weight, and is grouped into a 
one-liquid type including oil-modified, moisture-curable 
and blocking binders, and a two-liquid type including 
catalyst-curable and polyol-curable binders. Any of those 
binders is usable in the invention. As the polyolefin-based 
resin, usable is any of modified polyolefin-based resins as 
modified with unsaturated carboxylic acids or their deriva 
tives. The thermoplastic resin is infiltrated into those glass 
fiber Strands, and pelletized into the glass fiber-containing 
thermoplastic resin pellets (A). To apply the resin to the 
glass fiber Strands, for example, employed is a method of 
dipping the glass fiber Strands in a melt of the resin, a 
method of passing the glass fiber Strands through a coating 
die along with the resin, or a method of extruding a melt of 
the resin through a die around the glass fiber Strands. In order 
to further improve the infiltration of the resin melt into the 
fiber strands and improve the wettability of the fiber strands 
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with the resin melt, employed is a drawing method using a 
die having a roughened Surface, in which the fiber Strands 
coated with the resin melt are drawn under tension and then 
pressed between preSSure rolls. The binder is not always 
necessary So far as the thermoplastic resin is Satisfactorily 
infiltrated into glass fibers and the resulting fiber-containing 
resin is Satisfactorily pelletized. The thus-obtained, long 
fiber-containing thermoplastic resin Strands are cooled, and 
then cut into pellets having a Suitable length. Thus are 
prepared glass fiber-containing thermoplastic resin pellets 
(A) in which glass fibers are oriented in parallel with each 
other while having the same length as each pellet. 
The pellets for use in the invention have a length of from 

2 to 100 mm, in which the glass fibers have the same length 
as each pellet, from 2 to 100 mm. Where too short glass 
fibers having a length of Smaller than 2 mm are used in the 
method of the invention, it is difficult to produce light 
weight molded products, and the products produced often 
have poor mechanical Strength and will be much warped and 
deformed. On the other hand, where too long glass fibers 
having a length of larger than 100 mm are used, injection 
molding of the resin containing them is difficult and, in 
addition, the glass fibers could not be uniformly dispersed in 
the resin thereby worsening the Surface characteristics of the 
molded products. The length of the resin pellets preferably 
falls between 3 and 80 mm for obtaining hardly-deformable, 
light-weight molded products having high mechanical 
Strength and good outward appearance, but more preferably 
falls between 5 and 50 mm in consideration of the dispers 
ibility of fibers in the resin and the outward appearance and 
Surface characteristics of the molded products to be pro 
duced. 
The polypropylene-based resin to be formed into pellets 

preferably has a melt index (MI, at 230° C. and 2.16 kgf) of 
from 10 to 1000 g/10 min, more preferably from 30 to 600 
g/10 min, in view of its infiltrability into fibers and of its 
moldability. By controlling the polymerization condition, 
the polypropylene-based resin may have a desired MI; or by 
adding a peroxide thereto and melting and kneading them, 
the resin may be controlled to have an increased MI. The 
pellets are not limited to those prepared by cutting resin 
Strands. Shaped resin sheets, tapes or bands may be cut into 
pellets in which the fibers may substantially have a length of 
from 2 to 100 mm. 

In the method of forming light-weight resin products of 
the invention, only the fiber-containing thermoplastic resin 
pellets (A) may be used; or the pellets (A) may be mixed 
with any other thermoplastic resins except (A) to give a 
mixture, and the resin mixture may also be used. In the latter 
case, the fiber content of the pellets (A) must be from 5 to 
80% by weight, preferably from 20 to 80% by weight of the 
resin mixture. In particular, where glass fibers are used, the 
fiber content must be from 20 to 80% by weight in order to 
obtain light-weight molded products. The fiber content may 
be Suitably determined, depending on the type, the density 
and the length of the fibers used. The thermoplastic resins 
except (A) may the same as or different from the resins used 
in preparing (A), and are not specifically defined. As those 
additional resins, usable are commercially-available, 
ordinary-grade resin pellets, granules and even powders, and 
their shape is not specifically defined. However, preferred 
are pellets. Even when the additional resins are of the same 
type as the resins of (A), their molecular weight and melt 
flowability may be different from those of the resins of (A). 

In the method of forming light-weight resin products of 
the invention, the molding material to be used may contain 
additives of reinforcing agent, filler, antioxidant, antistatic 
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agent, flame retardant, pigment and dispersant, Such as talc, 
mica, calcium carbonate, milled glass fibers, carbon fibers, 
magnesium Sulfate fibers, potassium titanate fibers, titanium 
oxide fibers, organic fibers, etc. 
To produce the glass fiber-reinforced, light-weight resin 

products of the invention, the molding material comprising 
the components mentioned hereinabove is molded through 
injection molding under a specific condition. The glass fibers 
in the molding material comprising the resin pellets are 
oriented in parallel to each other in each pellet while having 
a length of from 2 to 100 mm, preferably from 3 to 80 mm, 
and the glass fiber content of the molding material is from 
20 to 80% by weight, preferably from 30 to 70% by weight. 
If too short glass fibers having a length of Smaller than 2 mm 
are used, the products produced could not be light-weight. If 
too long glass fibers having a length of larger than 100 mm 
are used, the molding material is difficult to feed into the 
injection-molding machine, and, even if fed into the 
machine, the material could not be stably plasticized So that 
uniformly molded products are difficult to obtain. If the fiber 
content is smaller than 20% by weight, it is often difficult to 
continuously draw glass filaments in producing long fiber 
containing resin pellets and light-weight molded products 
could not be obtained. If the fiber content is larger than 80% 
by weight, resin could not be sufficiently infiltrated into the 
fiber strands So that closed fibers will remain in the molded 
products. Different types of fiber-containing thermoplastic 
resin pellets (A) having a different fiber length and a 
different fiber content may be combined, if desired. 
To melt, knead and inject the molding material, for 

example, employed is any of (1) an injection-molding 
method comprising putting the molding material into the hot 
cylinder of an injection-molding machine, heating and melt 
ing it and dispersing the fibers in the resulting resin melt 
therein, and thereafter injecting the resin melt into the top of 
the machine with a plunger or the like, and Shaping it in the 
cavity of the machine; (2) an injection-molding method 
comprising putting the molding material into the hot cylin 
der of an injection-molding machine, then heating and 
melting it therein, feeding the resulting resin melt into the 
Screw area of the machine with a plunger or the like, then 
dispersing the fibers in the resin melt therein, and thereafter 
injecting the resin melt into the cavity of the machine; and 
(3) an injection-molding method comprising feeding the 
molding material into the top of an injection-molding 
machine with a Screw having deep grooves and having a 
Small reduction ratio, while the cylinder temperature is kept 
eXtremely high with preventing the fibers from being 
broken, and injecting the resin melt into the cavity of the 
machine with a plunger or the like. The injection-molding 
method referred to herein includes ordinary injection 
molding methods, compression injection-molding methods 
and pressing injection-molding methods. 
Now, the invention is described more concretely with 

reference to FIG. 1 and FIG. 2. 
In FIG. 1 and FIG. 2, 1 is a fixed mold, 2 is a mobile mold, 

3 is an injection nozzle, 4 is a Sprue, 5 is a working core, 6 
is a forward-and-backward movable unit, 7 is a resin melt, 
8 is an initial cavity, and 9 is a final cavity (for final 
products). In these, (A) indicates the Stage of injecting resin, 
and (B) indicates the final stage of molding. 

FIG. 1 shows one embodiment of the method of forming 
light-weight resin products of the invention. First, as in FIG. 
1(A), a melt mixture of a molding material is injected into 
the cavity 8 of the split mold, which is so closed that the 
volume of the cavity 8 is smaller than that of the final 
product. In this step, the resin adjacent to the Surface of the 
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10 
mold is cooled to form a Surface skin layer, as in ordinary 
injection molding. Next, before or after the resin injection is 
completed, the mold is opened until its cavity Volume is 
equal to the volume of the intended final product 9, as in 
FIG. 1 (B). In this step, the expandable resin melt containing 
entangled fibers expands to have a Volume that is equal to 
the volume of the final product. Next, this is cooled, and the 
mobile mold 2 is released to take out the final product. In 
that manner, obtained is the intended, light-weight resin 
product. 

In the illustrated process, the closed condition of the 
initial cavity and the opened condition of the final cavity 
may be Suitably determined, depending on the fiber content 
of the molding material to be used, the length of fibers in the 
molding material, and the porosity (or specific gravity) of 
the product to be produced. The timing of opening the mold 
cavity may be Suitably determined, depending on the mold 
temperature, the thickness of the skin layer formed on the 
Surface of the product, and the thickness of the product. 

FIG. 2 shows another embodiment of the method of 
forming light-weight resin products of the invention. 
As in FIG. 2, the molding machine for this embodiment 

comprises the fixed mold 1, the mobile mold 2, and the 
working core 5 which is disposed inside the mobile mold 2 
in Such a manner that it can be moved forward and backward 
in the same direction as the moving direction of the mobile 
mold but independently of the movement of the mobile 
mold. In this, the cavity is formed by the fixed mold, the 
mobile mold and the working core, and its Volume is 
variable by moving forward or backward the working core. 
In the final Step of the illustrated process, the part of the 
mold cavity except its part for forming the edges of the final 
product is opened. In the embodiment of FIG. 2, the working 
core 5 is moved forward and backward by means of the 
forward-and-backward movable unit 6 (this is a hydraulic 
sliding System). Briefly, a resin melt is injected into the 
closed mold cavity, and, just before the resin injection is 
completed and the cavity is filled with the resin, or after the 
resin injection is completed and the edges of the product are 
formed, the working core is moved backward until the 
volume of the mold cavity is equal to that of the final 
product. Alternatively, a Smaller amount, relative to the 
volume of the closed mold cavity, of the resin melt is 
injected into the closed mold cavity, and, before, Simulta 
neously with or after the completion of the resin injection, 
the mobile mold or the working core is once moved forward 
so that the cavity mold is completely filled with the resin, 
and, while or after the cavity mold is completely filled with 
the resin, the mobile mold or the working core 5 may be 
moved backward to thereby make the volume of the cavity 
core equal to that of the final product. In this process, Since 
the resin injection may be effected at a lower injection 
preSSure, it is possible to prevent the reinforcing fibers, 
which are often broken or oriented during ordinary injection 
filling, from being broken or from being unfavorably ori 
ented. In the step of once moving forward the mobile mold 
or the working core to thereby make the mold cavity 
completely filled with the resin, the moving distance is 
preferably from 0.1 to 50 mm. More preferably, the moving 
distance is from 0.1 to 10 mm to prevent air from being 
introduced into the surface of the product being formed. The 
air introduction is unfavorable as forming flow marks on the 
Surface of the product formed, and the products with Such 
flow marks have bad outward appearance. The forward 
moving speed may generally fall between 0.5 and 30 
mm/sec. 
The edges of the final product as produced according to 

the embodiment of FIG.2 are the parts of the product except 
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the part thereof to be formed by the backward movement of 
the working core. In the illustrated embodiment, those edges 
are formed prior to the backward movement of the working 
core. In other words, in this, before the working core is 
moved backward, those edges are already formed. 
Therefore, those edges of the product being produced are not 
influenced at all by the backward movement of the working 
core, and the final product shall have good outward appear 
ance at its edges, and its shape is faithful to the shape of the 
mold used. The backward moving Speed of the working core 
varies, depending on the resin-containing molding material 
used and the shape of the final product to be produced, but 
may be generally from 0.1 to 10 mm/sec. It is not always 
necessary to make the Speed constant. If desired, the Speed 
may be gradually accelerated to be higher than that in the 
initial Stage of the backward movement. 

Without Stopping the working core being moved back 
ward at the position at which the volume of the opened mold 
cavity is equal to that of the final product, the working core 
may be once moved backward to a position at which the 
Volume of the opened mold cavity is larger than that of the 
final product, and thereafter it is moved forward, with 
compressing the resin product being produced, to the 
intended position at which the volume of the opened mold 
cavity is finally equal to that of the final product. Also in the 
embodiment of FIG. 1, the same type of the forward-and 
backward movable unit 6 as that used in the embodiment of 
FIG. 2 may be disposed between the mobile mold and the 
holder for the mobile mold. 

In the method of forming light-weight resin products of 
the invention, a foaming material, a fibrous material Such as 
non-woven fabric, or a skin material Such as printing resin 
film may be previously attached to at least one or all inner 
Surfaces or partly thereto of the mold. 

In the method of forming light-weight resin products of 
the invention, the molding material to be used may addi 
tionally contain a foaming agent in an amount of from 0.01 
to 5 parts by weight relative to 100 parts by weight of the 
fiber-containing (e.g., glass fiber-containing) thermoplastic 
resin pellets (A) or of a mixture of the resin pellets (A) and 
a thermoplastic resin except (A). Though depending on its 
fiber content and the product to be formed of it, the molding 
material not containing a foaming agent may often fail to 
expand stably when the mobile mold is moved backward to 
enlarge the mold cavity, as the inner pressure in the thus 
opened cavity is reduced, resulting in that the Surface of the 
molded product will often undulate to lose flatness. In such 
a case, addition of a Small amount of a foaming agent to the 
molding material is effective to solve the problem. The 
foaming agent in the molding material is decomposed under 
heat to generate gas, which effectively prevents the inner 
preSSure in the cavity from being reduced. The preferred 
amount of the foaming agent to be in the molding material 
varies, depending on the type of the foaming agent, the type 
and the amount of the resin and the reinforcing fibers 
constituting the molding material, and the molding 
temperature, but, in general, may fall between 0.01 to 0.8 
parts by weight relative to 100 parts by weight of the 
molding material when the fiber content of the material is 
from 30 to 80% by weight, or between 0.05 and 1.5 parts by 
weight relative to the same when the fiber content of the 
material is from 20 to 30% by weight, or between 0.1 to 5 
parts by weight relative to the same when the fiber content 
of the material is from 10 to 20% by weight. 

The type of the foaming agent to be used is not Specifi 
cally defined, but must be decomposed under heat to gen 
erate gas. Concretely, the foaming agent includes, for 
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12 
example, Oxalic acid derivatives, azo compounds, hydrazine 
derivatives, Semicarbazides, azide compounds, nitroSo 
compounds, triazoles, urea and its related compounds, 
nitrites, hydrides, carbonates, bicarbonates, etc. 

If its amount is less than 0.01 parts by weight, the foaming 
agent could not generate a Sufficient amount of gas, resulting 
in that, when the mobile mold is moved backward to enlarge 
the mold cavity, the inner pressure in the cavity could not be 
prevented from being reduced, and, in addition, its ability to 
assist the expansion of the molding material will be poor. If, 
however, the amount of the foaming agent added is larger 
than 5 parts by weight, too much gas will be generated in the 
mold cavity, often resulting in that the product formed will 
have too many locally-existing voids, or have large hollows, 
or have flow marks on its Surface, and the mechanical 
strength of the product will be low. 
Of the light-weight, fiber-reinforced resin product of the 

invention, the fiber content is from 10 to 80% by weight, 
preferably from 20 to 80% by weight, more preferably from 
20 to 70% by weight when the reinforcing fibers are glass 
fibers. When the reinforcing fibers are organic fibers or 
carbon fibers, the fiber content is from 5 to 80%, preferably 
from 10 to 70%. The porosity of the product is from 10 to 
80%, preferably from 20 to 70%. If it is smaller than 10% 
by weight, the product could not be light-weight. If it is 
larger than 80%, it will be difficult to Surely form the skin 
layer with no void on the Surface of the product, and, in 
addition, the strength of the product will be low. The 
porosity as referred to herein indicates the ratio of the 
Volume of the product except the Solid part of glass fibers 
and resin to the total volume of the product. In the product, 
the weight-average fiber length is from 1 to 20 mm, pref 
erably from 1.5 to 15 mm, more preferably from 2.0 to 12 
mm. Where the length of the fibers existing in the molded 
product is Smaller than 1 mm, the resin melt to be molded 
into the product will poorly expand So that the product could 
hardly have the intended porosity, and, in addition, the 
Strength of the product is poor. Even if the length of the 
fibers is larger than 20 mm, such will have few influences on 
the strength of the product. Such long fibers will be rather 
problematic and impracticable in that the molding condition 
must be mild, the molding time is prolonged and the 
producibility is low. The light-weight molded product of the 
invention has a specific bending strength (bending strength/ 
specific gravity) of not smaller than 80 MPa, preferably not 
smaller than 90 MPa, more preferably not smaller than 100 
MPa. The formation of the skin layer on the surface of the 
product and the incorporation of reinforcing glass fibers 
having a specific length into the product offer Such a high 
Specific bending Strength of the product. 

According to the method of the invention, formed are 
various light-weight resin products. The shape and the size 
of the fiber-reinforced, especially, glass fiber-reinforced, 
light-weight, thermoplastic resin product of the invention 
are not Specifically defined. However, preferred are tabular 
products, especially those having a thickness of not larger 
than 30 mm, and three dimensionally-shaped products. 
Concretely mentioned are car parts (e.g., instrument-panel 
cores, bumper beams, door Steps, roof racks, rear quarter 
panels, air cleaner cases, Sunshades, etc.); various light 
weight box-type products that are used in various places 
requiring high impact resistance and high Strength, Such as 
helmet boxes to be mounted on motorcycles, parts of electric 
appliances for household use; building materials (e.g., con 
crete panels or frames, cable troughs, wall materials, floor 
materials, floor materials for unit bathes, water pans, etc.); 
furniture (e.g., chairs, desks, benches, etc.), etc. 
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Being different from the conventional injection-molding 
methods, the method of the invention for forming light 
weight, fiber-reinforced, especially glass fiber-, organic 
fiber- or carbon fiber-reinforced, thermoplastic resin prod 
ucts requires a relatively mild mold-compressing condition, 
without requiring any specific foaming agent. Even if used, 
the amount of the foaming agent may be Small. The molded 
products finally obtained according to the method of the 
invention are light in weight and have fibers uniformly 
entangled inside, providing good Surface appearance. 
Further, they have a skin layer on their surface. These 
features combined with the reinforcement with glass fibers 
offer high Strength and high Stiffness. In addition, the out 
ward appearance of the edges of the products is good and is 
faithful to the shape of the mold used. 
Now, the invention is described in more detail with 

reference to the following Examples and Comparative 
Examples, which, however, are not intended to restrict the 
Scope of the invention. 

The glass fiber-containing thermoplastic resin pellets 
(long fiber-containing pellets) used in Examples and Com 
parative Examples were produced according to the methods 
mentioned below. 

Production Example 1 
Herein used was an extrusion apparatus comprising a die 

fitted to the extruder at its top and five rods disposed in line 
in the resin melt Zone (this is a modification of the apparatus 
of FIG. 2 in JP-A No. 183531/1991). 

Fiber Strands: Glass rovings each comprised of 170 glass 
fibers of 13 um in diameter as surface-treated with 
y-aminopropyltriethoxysilane and bound with an 
urethane-based binder. 

Pre-heating temperature: 200 C. 
Thermoplastic resin: 1.0 wt. % maleic anhydride 

containing, modified polypropylene having a melt 
index (hereinafter referred to as MI) at 230° C. and 2.16 
kgf of 60 g/10 min. 

Melting temperature: 240 C. 
Rods: Five rods each having a size of 6 mm (diameter)x3 
mm (length). 

Inclined angle: 25 degrees. 
Under the condition mentioned above, the glass rovings 

were fed into the die, while being controlled between tension 
rolls, and dipped in the resin. After having been cooled, 
these were cut with a pelletizer. Thus were formed glass 
fiber-containing resin pellets having a glass fiber content of 
41% by weight and having a length of 20 mm. These are 
hereinafter referred to as long fiber-containing pellets A-1. 

Production Example 2 
Y-Aminopropyltriethoxysilane-treated, long glass fibers 

of 10 um in diameter were passed through a polypropylene 
based, aqueous emulsion to thereby make the fibers impreg 
nated with the resin. These were dried to prepare glass 
rovings having a glass fiber content of 97% by weight. The 
polypropylene-based, aqueous emulsion used herein was 
prepared by Stirring and emulsifying 80 parts by weight of 
maleic anhydride-containing polypropylene having a maleic 
anhydride content of 5% by weight and having a limiting 
viscosity m) of 0.20 dl/g, 100 parts by weight of water, 20 
parts by weight of a nonionic emulsifier and 10 parts by 
weight of a neutralizing agent, with heating them up to 150 
C. These glass rovings were cut in the same manner as in 
Production Example 1. Thus were formed glass fiber 
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containing resin pellets having a glass fiber content of 69% 
by weight and having a length of 12 mm. These are 
hereinafter referred to as long fiber-containing pellets A-2. 

In the following Examples 1 to 3 and Comparative 
Examples 1 to 3, the molded products produced and the test 
pieces cut out of the molded products were evaluated and 
tested according to the methods mentioned below. 
(a) Evaluation of Molded Products: 

Each molded product was checked Visually. 
(b) Bending Strength, Bending Modulus: 

Each test piece was tested according to JIS K-7203. 
Relative Bending Strength=(bending strength)/(specific 

gravity) 
Relative Bending Modulus=(bending modulus)/(specific 

gravity) 
(c) Weight-average Fiber Length of Glass Fibers in Molded 

Products: 
Each molded product was ashed, and the ash Sample was 

photographed with a universal projector at a magnification 
of 10 times. On the picture image, about 3000 glass fibers 
were measured with a digitizer, and the average of the data 
was obtained. 
(d) Porosity of Molded Products: 
The porosity of each molded product was calculated from 

the compositional ratio and the Specific gravity of the 
product. 

Example 1 
Herein used were the long fiber-containing pellets A-1 as 

the molding material, and an injection-molding machine 
(Mitsubishi Heavy Industries' 850-MGW Model equipped 
with Idemitsu's compression unit). The resin temperature 
was 280 C., and the mold was to form plates having a size 
of 400 mmx800 mmxt mm thick. First, the mold was set to 
have a cavity clearance of 3 mm, and the molding material 
was injected thereinto in an amount corresponding to the 
cavity volume of 3 mm in thickness. Next, the mold was 
opened to have a cavity of 6 mm, corresponding to the 
thickness of the final product being produced. Next, this was 
cooled, and released to obtain the intended, light-weight, 
molded product. The surface of the product was found to 
have a tight skin layer with no Silver marks, and the inside 
thereof uniformly expanded with no large hollows. The 
product formed was light in weight and good. The porosity 
of the product, the weight-average fiber length of the glass 
fibers existing in the product, and the outward appearance, 
the Specific gravity, the relative bending Strength and the 
relative bending modulus of the product were measured and 
shown in Table 1. 

Example 2 
A light-weight molded product was produced in the same 

manner as in Example 1, except that a dry blend of 80 parts 
by weight of the long fiber-containing pellets A-2 and 20 
parts by weight of polypropylene resin having MI=60 g/10 
min was used as the molding material, that the initial cavity 
clearance was 2.5 mm, that the molding material was 
injected into the mold in an amount corresponding to the 
cavity clearance of 2.5 mm in thickness, and that the mold 
was opened to have a cavity of 7.5 mm, corresponding to the 
thickness of the final product being produced. The Surface of 
the product was found to have a tight skin layer with no 
Silver marks. The product formed was light in weight and 
good. The data of the product are shown in Table 1. 

Example 3 
A light-weight molded product was produced in the same 

manner as in Example 1, except that a dry blend of 50 parts 
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by weight of the long fiber-containing pellets A-2 and 50 
parts by weight of polypropylene resin having MI=30 g/10 
min was used as the molding material, that the initial cavity 
clearance was 3 mm, that the molding material was injected 
into the mold in an amount corresponding to the cavity 
clearance of 3 mm in thickness, and that, 2 Seconds after the 
resin injection, the mold was opened to have a cavity of 6.5 
mm, corresponding to the thickness of the final product 
being produced, and then cooled. The Surface of the product 
was found to have a tight skin layer with no silver markS. 
The product formed was light in weight and good. The data 
of the product are shown in Table 1. 

Comparative Example 1 

A molded product was produced in the same manner as in 
Example 1, except that short glass fiber-reinforced pellets of 
a resin (MI=10 g/10 min) having a glass fiber content of 40% 
by weight, in which the weight-average fiber length of the 
glass fibers was 0.45 mm, were used as the molding mate 
rial. There formed Sink marks on the Surface of the product, 
and the product had no voids inside and was not light in 
weight. The data of the product are shown in Table 1. 

Comparative Example 2 

A molded product was produced in the same manner as in 
Comparative Example 1, except that 4 parts by weight of 
foaming agent master batch pellets (Eiwa Chemical Indus 
try's PolySuren TS-182, having a foaming agent content of 
30% by weight) were added to 100 parts by weight of the 
short fiber-reinforced pellets. The product had a porosity of 
17% and was light in weight. However, it had large hollows 
inside and had no skin layer on its Surface. The product was 
not good. The data of the product are shown in Table 1. 

Comparative Example 3 

Herein used was the same molding material as in Example 
3, to which, however, added were 5 parts by weight of 
foaming agent master batch pellets (Eiwa Chemical Indus 
try's PolySuren TS-182, having a foaming agent content of 
30% by weight). This molding material was molded in an 
ordinary injection-molding process, in which the cavity 
clearance was fixed to be 3 mm in thickneSS and the molding 
material was injected thereinto in an amount corresponding 
to the cavity clearance of 3 mm in thickness. The data of the 
molded product are shown in Table 1. 
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Example 4 

Herein employed were the molding material, the 
apparatus, the condition and the process mentioned below. 
(1) Molding Material 

0.5 parts by weight of foaming agent master batch pellets 
(Eiwa Chemical Industry’s Polysuren EE-206, having a 
foaming agent content of 20% by weight) were added to 100 
parts by weight of the long fiber-containing pellets A-1 
produced in Production Example 1. 
(2) Mold 
Used was a split mold for forming rectangular test plates. 

Its cavity size is 800 mm (length)x400 mm (width), and the 
thickness of the cavity is variable. The mobile mold is 
engaged with a working core at the position of 3 mm from 
its inner Surface, and the working core is movable forward 
and backward in the same direction as the moving direction 
of the mobile mold but independently of the movement of 
the mobile mold. See FIG. 2. 
(3) Molding Machine 
Used was an injection-molding machine (manufactured 

by Mitsubishi Heavy Industries-this is equipped with Ide 
mitsu's compression unit for moving the working core 
forward and backward). 
(4) Molding Condition 

1 Molding temperature (cylinder temperature): 260° C. 
2 Mold temperature: 50° C. 
3 Injection pressure: 80 kg/cmC 
4 Injection rate: 60% 
5 Resin charging time: 3.2 seconds 
6 Pressure retained: 30 kg/cm-G 
7 Retention time: 3.0 seconds 
8 Cooling time: 120 seconds 

(5) Molding Operation 
The molding operation is as follows: 
1 In the injection-molding machine, the mobile mold was 

moved to the position for ordinary injection molding, and 
the Split mold was closed. 
2 Next, the working core was moved forward to ensure 

the clearance of 4 mm between the fixed mold and the 
working core in the mold cavity, and fixed as it was. 

3 The molding material was, after having been melted, 
injected into the mold through the injection unit, with which 
the initial mold cavity was completely filled. 
4 Immediately after the initial mold cavity was com 

pletely filled with the resin melt, the working core was 
Started to be moved backward. The backward-moving Speed 

TABLE 1. 

Weight 
average Fiber 
Length of Relative Relative 

Porosity of Fibers in Evaluation of Molded Product Bending Bending 

Molded Molded Surface Porosity Warping and Specific Strength Elasticity 
Product (%) Product (mm) Appearance Skin Layer Distribution Deformation Gravity (MPa) (MPa) 

Example-1 50 8.2 good formed good O O.61 131 5870 
Example-2 67 5.1 good formed good O O.47 142 608O 
Example-3 54 6.7 good formed good O O.77 129 542O 
Comparative O O.39 sink marks no void much 1.21 62 4530 
Example-1 formed formed deformed 
Comparative 17 O.41 silver marks not formed surface deformed a 1.02 34 242O 
Example-2 formed foamed little 
Comparative 23 5.5 silver marks not formed low porosity deformed a O.91 86 4310 
Example-3 formed little 
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was 0.8 mm/sec, and the backward-moving distance was 8 
mm. As a result of this backward movement, the cavity 
thickneSS was 12 mm, corresponding to the thickness of the 
final product being produced, and the backward movement 
was terminated at this position. 

5 After having been cooled for the determined period of 
time, the mobile mold was moved backward and released to 
take out the molded product. 
(6) Evaluation of Molded Product 

1 The surface of the final product was smooth, and the 
edges thereof were all faithful to the shape of the mold used. 
2 The thickness of the product was 12 mm, or that is, it 

was about 3 times the thickness of the resin melt injected 
into the initial mold cavity. 
3 The specific gravity of the product was about 0.4. 

Comparative Example 4 
The same process as in Example 4 was repeated, except 

that the working core was initially moved backward to the 
position for the final product. In this, a controlled amount of 
the resin melt was injected into the mold cavity to have a 
thickness of about 12 mm. 
(1) Evaluation of Molded Product 

1 The surface of the final product was smooth, and the 
edges thereof were all faithful to the shape of the mold used. 
2 The thickness of the product was 12 mm. 
3 The specific gravity of the product was about 1.08. The 

product was not expanded and was not light in weight. 
Example 5 

In the following Examples and Comparative Examples, 
the molded products and the test pieces cut out of them were 
evaluated and tested according to the methods mentioned 
below. 
Evaluation of Molded Products, Rectangular Test Plates 
Rectangular test plates having a size of 700 mmx450 mm 

and a thickness, t mm were tested as follows: 
(a) Hot Drooping 

With its both major sides being fixed, each test plate was 
put in an oven at 120° C. for 24 hours, and thereafter taken 
out and left at 23° C. for 1 hour. The drooping of the plate 
was measured at the most drooped part. 
(b) Warping 

The both major sides of each test plate were fixed, and the 
deformation of the plate in each of the three-dimensional 
directions based on the fixed sides was measured. Of the 
data, the largest one indicates the warping of the plate. 
(c) Impact Strength 

The both major Sides of each test plate were fixed, and an 
iron ball weighing 1 kg was dropped onto the plate with 
varying the distance between the ball and the plate. The 
height of the dropping ball by which the plate was broken 
was measured. 
(d) Bending Modulus 

The bending modulus of each test plate was measured 
according to JIS K-7203. 

Relative Bending Modulus=(bending modulus)/(specific 
gravity) 
(e) Expanded Condition 

Each test plate was cut in the thickness direction, and its 
Section was visually checked. 
(f) Porosity 

The porosity of each test plate was calculated from the 
compositional ratio and the Specific gravity of the plate. 

Example 5-1 
With feeding rovings of polyarylate fibers (Kuraray’s 

Vectran, trade name) into the die of an extruder, polypro 

15 

25 

35 

40 

45 

50 

55 

60 

65 

18 
pylene (Idemitsu Petrochemical's J-6083H, trade name, 
having MI=60) was extruded out through the die, whereby 
the fiber rovings were impregnated with the resin. The thus 
resin-impregnated fiber rovings were drawn out, cooled and 
cut into pellets having a length of 12 mm. The pellets had a 
fiber content of 42% by weight. 

0.3 parts by weight of foaming agent master batch pellets 
(Eiwa Chemical Industry’s Polysuren EV-306G, having a 
foaming agent content of 30% by weight) were added to 100 
parts by weight of these pellets, and molded in an injection 
molding machine (Mitsubishi Heavy Industries 850 MGW 
Model, equipped with Idemitsu's compression unit). For 
this, used were a mold for rectangular test plates and a mold 
for Sunshades. The resin temperature was 200 C., and he 
mold temperature was 80 C. The mold was closed to have 
an initial cavity clearance of 2 mm, and the resin melt was 
injected into the cavity in an amount corresponding to the 
thickness of the cavity clearance of 2 mm. 3 minutes after 
the completion of the resin injection, the mold was opened 
to have a cavity of 6 mm, corresponding to the thickness of 
the final product being produced. After having been cooled, 
the intended final product having a thickness of 6 mm was 
obtained. The rectangular plate and the Sunshade obtained 
herein were tested, and the test data are shown in Table 2. 

Example 5-2 
Pellets were prepared in the same manner as in Example 

5-1, except that carbon fibers (Toray's Torayca, trade name) 
were used in place of polyarylate fibers. The pellets had a 
fiber content of 37% by weight. The pellets were molded in 
the same manner as in Example 5-1, except that the mold 
was closed to have an initial cavity clearance of 3 mm, that 
the resin melt was injected into the cavity in an amount 
corresponding to the thickness of the cavity clearance of 3 
mm, and that, 1 minute after the completion of the resin 
injection, the mold was opened to have a cavity of 6 mm, 
corresponding to the thickness of the final product being 
produced. After having been cooled, the intended final 
product having a thickness of 6 mm was obtained. The 
molded products obtained herein were tested, and the test 
data are shown in Table 2. 

Example 5-3 
Molded products were produced in the same manner as in 

Example 5-2, except that the mold was closed to have an 
initial cavity clearance of 3 mm, that the resin melt was 
injected into the cavity in an amount corresponding to the 
thickness of the cavity clearance of 3 mm, and that, 3 
minutes after the completion of the resin injection, the mold 
was opened to have a cavity of 9 mm, corresponding to the 
thickness of the final product being produced. After having 
been cooled, the intended final product having a thickness of 
9 mm was obtained. The molded products obtained herein 
were tested, and the test data are shown in Table 2. 

Comparative Example 5-1 
Herein used was a double-screw extruder. Polypropylene 

(Idemitsu Petrochemical's J-6083H, trade name, having 
MI=60) was fed into the extruder through its hopper, the 
amount of the resin being 63% by weight. After the resin was 
melted, chopped Strands of 3 mm-long carbon fibers were 
fed thereinto through its side feeder, the amount of the 
strands being 37% by weight. The mixture was extruded and 
pelletized. Without adding a foaming agent thereto, the 
pellets were molded in the same injection-molding method 
as in Example 4. The molded products obtained herein were 
tested, and the test data are shown in Table 2. 
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Comparative Example 5-2 

Molded products were produced in the same injection 
molding method as in Example 5, except that a molding 
material as prepared by adding 2 parts by weight of a 
foaming agent to 100 parts by weight of the same pellets as 
in Comparative Example 5-1 was used. The molded prod 
ucts obtained herein were tested, and the test data are shown 
in Table 2. 
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6 Pressure retained: 30 kg/cmC 
7 A Retention time: 3.0 seconds 
8 Cooling time: 120 seconds 

(5) Molding Operation 
The molding operation is as follows: 
1 In the injection-molding machine, the mobile mold was 
moved to the position for ordinary injection molding, 
and the Split mold was closed. 

TABLE 2 

Porosity of 
Molded Product Hot Drooping 

(%) Test (mm) Warping (mm) 

Example 5-1 67 0.5 O.1 

Example 5-2 50 O.2 0.4 

Example 5-3 67 O1 O.2 

Comparative O 1.2 5.3 
Example 5-1 
Comparative 67 2.3 O.9 
Example 5-2 

Example 6 
The molded products produced herein and the test pieces 

cut out of the molded products were evaluated and tested 
according to the methods mentioned below. 
i Bending Strength, Bending Modulus 

Each sample was tested according to JIS K-7203. 
Relative Bending Strength=(bending strength)/(specific 

gravity) 
Relative Bending Modulus=(bending modulus)/(specific 

gravity) 
3. (2 Weight-average Fiber Length of Glass Fibers in Molded 
Product 

Each molded product was ashed, and the ash Sample was 
photographed with a universal projector at a magnification 
of 10 times. On the picture image, about 3000 glass fibers 
were measured with a digitizer, and the average of the data 
was obtained. 
(1) Molding Material 

Used were the long fiber-containing pellets A-1 as pro 
duced in Production Example 1. 
(2) Mold 

Used was a split mold for forming rectangular test plates. 
Its cavity size is 800 mm (length)x1400 mm (width), and the 
thickness of the cavity is variable. The mobile mold is 
engaged with a working core at the position of 3 mm from 
its inner Surface, and the working core is movable forward 
and backward in the same direction as the moving direction 
of the mobile mold but independently of the movement of 
the mobile mold. See FIG. 2. 
(3) Molding Machine 

Used was Mitsubishi Heavy Industries injection-molding 
machine, 850MGW-160 Model equipped with Idemitsu's 
compression unit for moving the working core forward and 
backward. 
(4) Molding Condition 

i Molding temperature (cylinder temperature): 260° C. 
2 Mold temperature: 50° C. 
3 Injection pressure: 80 kg/cm-G 
4 Injection rate: 60% 
5 Resin charging time: 3.2 seconds 

Impact Strength 
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Relative Bending 
(m) Elasticity (MPa) Expanded Condition 

2 6286 Open voids and entangled fibers were 
found everywhere in the section. 

2 192OO Open voids and entangled fibers were 
found everywhere in the section. 

2 243OO Open voids and entangled fibers were 
found everywhere in the section. 

O.8 11OOO Not expanded (that is not foamed). 

1.1 843O Large hollows were found in the core 
area, but no fibers were therein. 

2 Next, the working core was moved forward to ensure 
the clearance of 4 mm between the fixed mold and the 
working core in the mold cavity, and fixed as it was. 

3 The molding material was, after having been melted, 
injected into the mold through the injection unit, with 
which the initial mold cavity was completely filled 
under preSSure. 

4. Immediately after the retention time, the working core 
was started to be moved backward. The backward 
moving Speed was 0.4 mm/Sec, and the backward 
moving distance was 4 mm. As a result of this back 
ward movement, the cavity thickneSS was 8 mm, and 
the backward movement was terminated at this posi 
tion. 

5 After having been cooled for the determined period of 
time, the mobile mold was moved backward and 
released to take out the molded product. The product 
was tested, and the test data are shown below. 

Porosity of product: 50% 
Weight-average fiber length of glass fibers in product: 8.2 

Specific gravity: 0.61 
Relative bending strength: 131 MPa. 
Relative bending modulus: 5870 MPa. 
Expansion of thickness: 2 times 
Outward appearance: 
The surface of each molded product was smooth. The 

edges of each molded product were all faithful to the shape 
of the mold used. However, where the mold of FIG. 1 was 
used, Some edge corners of the product were often chipped 
off. 

Industrial Applicability 
According to the present invention, produced are light 

weight, fiber-reinforced, for example, glass fiber-reinforced 
resin products through injection molding with high 
producibility, Substantially without using a foaming agent. 
Since the molding material to be used in the invention is 
previously impregnated with resin, it is uniformly melted 
and kneaded with ease, and the reinforcing fibers are pre 
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vented from being broken during kneading operation. The 
light-weight, molded product of the invention has a good 
skin layer on its Surface, and its inside has many voids. Owing 
to the uniformly entangled fibers existing therein. Though 
being light in weight, the product has high Strength, StiffneSS 
and hardness, and is widely usable in various fields of cars, 
furniture and building materials. 
We claim: 
1. A method of forming a light-weight, fiber-reinforced 

thermoplastic resin product, comprising; 
melting and kneading a molding material, which com 

prises fiber-containing thermoplastic resin pellets (A) 
having a fiber content of from 20 to 80% by weight, the 
fibers being oriented in parallel with each other and 
having a length of from 2 to 100 mm, or comprises a 
mixture of the fiber-containing thermoplastic resin pel 
lets (A) and a thermoplastic resin except (A), the fiber 
content of the mixture being from 5 to 80% by weight; 

then injecting the melted resin into the cavity of a mold as 
So closed that the Volume of its cavity is Smaller than 
that of the final molded product; and 

before or after the resin injection is completed, opening 
the mold until the volume of its cavity is equal to that 
of the final molded product. 

2. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein 
the fibers are glass fibers and the fiber content is from 20 to 
80% by weight. 

3. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein 
the fibers are organic fibers and the fiber content is from 5 
to 80% by weight. 

4. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein 
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the fibers are carbon fibers and the fiber content is from 5 to 
80% by weight. 

5. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein 
a foaming agent in an amount of from 0.01 to 5 parts by 
weight, relative to 100 parts by weight of the molding 
material, is added to the molding material. 

6. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein 
the thermoplastic resin is a polyolefin-based resin optionally 
containing a polyolefin as modified with an unsaturated 
carboxylic acid or its derivative. 

7. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein, 
in the Step of opening the mold until the Volume of its cavity 
is equal to that of the final molded product before or after the 
resin injection is completed, the part of the mold cavity 
except its part for forming the edges of the product is 
opened. 

8. The method of forming a light-weight, fiber-reinforced 
thermoplastic resin product as claimed in claim 1, wherein, 
in the Step of injecting the melted resin into the cavity of a 
mold as So closed that the Volume of its cavity is Smaller than 
that of the final molded product followed by the step of 
opening the mold until the Volume of its cavity is equal to 
that of the final molded product before or after the resin 
injection is completed, the resin injection is So attained that 
the volume of the resin injected is smaller than that of the 
initial mold cavity, then the mobile part of the mold is once 
pushed toward the injected resin before and after the resin 
injection is completed to thereby make the cavity completely 
filled with the injected resin, and thereafter the mold is 
opened until the Volume of the mold cavity is equal to that 
of the final molded product. 

k k k k k 
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